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Abstract
This study has been performed to determine cytotoxicity and immunogenicity of mannan containing vaccine formulations were assessed to evaluate
the safety and e�cacy. In this study, cytoxicity and immunogenicity were assessed to guarantee safety and e�cacy. The cytoxicity of the extracted
mannan on MDA-MB-231 cell lines and normal cell lines was evaluated employing MTT assay. To assess the in vivo toxicity, was performed conforming
to Pharmacopoeia. The in vivo and in vitro cytoxicity assays, no signi�cant difference was observed between the control and test groups in the terms of
cell growth and animals survival. The cost-effectiveness of utilizing mannan puri�ed from Mycobacterium bovis is an economically satisfactory
method. The extracted mannan is also free of cytotoxicity.Revealed a safe/cost-effective while e�cient tools as an adjuvant in vaccine studies.

Introduction
Today, for higher safety, whole-cultivated vaccines or subunit vaccines are typically used in combination with an adjuvant (Cox and Coulter 1997). To
select an adjuvant, the following factors must be considered, including the type of antigen, the type of disease, the type of immune response, and the
duration of the immune response. Now, the mechanism of action of adjuvants is not entirely understood. However, they can generally play a part in
increasing the supply of antigen to the supplying cells and its stability, as well as acting as a modulator of the immune system. Each adjuvant may have
more than one mechanism of action. For instance, there are adjuvants used to preserve the structure of the antigen, in addition to enhancing the quality
of the vaccine, also increasing its useful life. On the other hand, there are some adjuvants involved in the delivery of antigen that can be effective in
various stages of this process. Plus, some adjuvants can store antigens at the injection site. These trapped antigens are continuously delivered to the
antigen-supplying cells (Lima et al. 2004)

mechanism of action (Singh and O'Hagan 2002). Overall, immune stimulants and enhancers can be split into groups such as mineral compounds,
bacterial products, oil emulsions, immunological adjuvants, and mucosal adjuvants (Aiyer-Harini et al. 2013).

Mannan is a glycoprotein composed of mannose units attached to the protein. Due to the structure of natural amphiphilic compounds, it can be used as
a bioemulsi�er (Fonseca et al. 2008). Mannan polysaccharides are created by yeast, bacteria, and plants. Mannan is bound by lectin, which can lead to
opsonization and phagocytosis (Spickler and Roth 2003).

Proudfoot et al. (2015) attached oxidized mannan to inactivated H1N1 and employed it as an adjuvant in the avian in�uenza vaccine. The outcomes
indicated that a low-dose vaccine induces strong induction of IgG and IgA. Goncalves et al. (2016) studied dextran/mannan as carriers in vaccine
adjuvants. Advanced polymer nanogels have been designed, and are hoped to be a new generation of auxiliary vaccine delivery systems capable of
responding safely as a strategic priority in vaccine design. Here, nanogels made from mannan or dextrin were assessed for their potential as
carriers/adjuvants in vaccine formulations.

(Wattanasiri et al 2017) studied mannan on the surface of Mycobacterium tuberculosis as a vaccine adjuvant and researched its safety properties. It
should be noted that surface parts of Mycobacterium tuberculosis play an essential role in modulating host immune responses. Thorough knowledge of
the immune properties of the surface components of Mycobacterium tuberculosis is crucial for the development of treatment and prevention of
pulmonary tuberculosis. Unfortunately, access to molecules on the surface of Mycobacterium tuberculosis is restricted owing to their structural
complexity due to their diverse macromolecular nature and the risk of methyl culture.

Benito et al. (2018) showed that conjugated antihistamines with mannan reduced from Cerevisiae saccharomyces are a new concept of vaccine
therapy. Clinical trials in humans and animals have shown that these compounds increase absorption, thereby enhancing immune responses through
Th1 induction.

Shande et al. (2019) offered a review article on combination vaccines in infectious conditions. In that paper, new approaches to vaccine delivery,
including a mixture of in�uenza vaccine from the Mannan and in�uenza gene antennas, indicate that the vaccine is composed of a carbohydrate
polymer and includes mannose and in�uenza antigens (in�uenza) in the compounds. In�uenza antigen is extracted from avian in�uenza or human
in�uenza. In�uenza antigen is generally obtained from the entire inactivated in�uenza virus. Mannose is a carbohydrate polymer and is preferably made
of oxidized manganese. Mannan is a polysaccharide that increases the formation of some antibodies such as IgG1, IgG2a, and IgA in serum and IgA in
mucosal and lung sites. Oxidized mannan is a non-toxic and effective adjuvant with antigens for vaccination against infections that happen through the
mucous membrane. Investigations on the adjuvant effect of mannan in the vaccine have indicated that no notable immunity is established by mannan
when used in small doses. Consequently, this study was performed using different levels of mannan concentration. Intranasal administration of the
mixture showed that inactivated H1N1 mixed with mannan produced higher serum IgG and respiratory IgA. This is dose-dependent and IgG1 and IgG2
are induced by vaccination and facilitate humoral and cellular immunity.

(Busold et al. 2020) showed that lipo-like glycolipids derived from Mycobacterium tuberculosis conjugated to tetanus toxoid could increase interferon-
gamma and interleukin-2 levels in mice. Therefore, the present research aimed to determine the cytotoxicity of mannan polysaccharide puri�ed from
Mycobacterium bovis to use in vaccine formulations as an adjuvant.

Materials And Methods
Preparation of Bacterial strains and its culture 
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Mycobacterium bovis strains lyophilized and provided from Pasteur Institute of Iran, Department of BCG vaccine preparation with number 11732:P and
then cultured in three stages of seeding SP, S1, S2, cultured to   Sauton’s minimal medium (Sauton’s) and incubating for three weeks at 37 ◦C.

Preparation of the �rst passage (SP): includes the removal of a vial of primary or secondary seeds of bacillus from the lyophilized strain bank. After
measuring the vacuum of the seed vial, using a spark device, and ensuring the existence of a vacuum, the contents of the vial or Sauton are suspended
in a thick suture and transferred in equal proportions on the surface of the potato inside the tubes for 14 to 22 The day was incubated.

Preparation of the second passage (S1): This stage was performed 14 to 22 days after inoculation of the �rst stage (SP). One of the tubes containing
the �rst-stage growth bacterium (SP) that was approved was removed along with the �asks containing the concentrated Sauton culture medium and
placed in a �ask with a platinum ring on the surface of the Sauton inside the �ask. Incubation was performed for 6 to 8 days.

Preparation of the third passage (S2): Selection of the number of Fornbach �asks containing grown bacteria of the second stage (S1) which was
approved along with the desired number of �asks containing concentrated sap was selected. With a platinum ring, some of the bacteria grown on the
surface of the bun were taken and placed on the surface of the bun in a �ask. Incubation was performed for 6 to 8 days.

Stages of preparation of BCG bacillus cake involve the separation of BCG bacillus from the Sauton culture medium (�ltration operation) using Birko and
preparation of BCG cake: The contents of the �asks are gradually and continuously poured into the funnel and washed with phosphate buffer. After the
solution was completely removed from the Birko output, the beaker opening (pre-weighed) was placed under the Birko outlet, and the BCG cake was
transferred into the beaker, and the weighing step was performed. Weighing and measuring the moisture content of the BCG bacillus cake was
calculated, and then the cake was transferred to 2-8 ° C. The lipids are then extracted in a 1: 2 ratio of chloroform-methanol.

For LAM / LM puri�cation, the cells were resuspended in deionized water and centrifuged twice at 6760 rpm for 20 min at 25 ° C. Biomass was again
separated from the supernatant for 18 hours at 18,000 rpm in the centrifuge at 25 ° C. Glucans, proteins, DNA and RNAs contaminated with enzymatic
degradation were removed using α-amylase, trypsin, DNase 1 and RNase treatments followed by dialysis. Next, an equal volume of 90% phenol was
added to the liquid containing lipoglycan, and the mixture was incubated by shaking at 68 ° C for 1 hour. The resultant solution was exposed to dialysis
saline for 24 hours, during which time the physiological serum was changed twice during this period.

Data design and modeling were performed at three levels with three factors: chloroform/methanol, centrifuge speed, and pH using mini-tab software in
nine shifts. To design the variable amount of chloroform/methanol in three levels in equal proportion, 1 to 2 ratio and 2 to 1 ratio were designed. The pH
variable was designed in three levels of 6.5, 7, and 7.5 and speeds of 6000,6500,7000 rpm.

Optimization of signi�cant variables was performed by the response level method in the form of a central composite design by Minitab software version
17.

For puri�cation of mannan using Sephadex G75 chromatographic column, the mannan content solution was passed through Sephadex G75 2.5 x 14
column under laboratory temperature conditions. The exit rate was 1 ml/min, and 18 microtubes were collected.

The toxicity of the extracted mannan is assessed under two conditions.

Evaluation of in vitro toxicity by MTT test

The toxicity of the extracted mannan on MDA-MB-231 cells and normal cell lines was evaluated by MTT assay.

Cells with a density of 104 were cultured on plate 96 cells in an incubator at 37 ° C in the presence of carbon dioxide. After 48 hours, the cells were
dissolved in different amounts of mannoprotein in PBS (Phosphate buffer Solution). After speci�ed periods (24 hours and 48 hours), the culture
medium was replaced with a new culture medium containing MTT solution. DMSO (Dimethyl Sulfoxide) was then added to each well and the
absorption of foramazone at 490 nm was measured using an ELISA device. After the MTT test, the viability of MDA-MB-231 cells on the y-axis and
different concentrations of mannoprotein on the x-axis are plotted to assess the toxicity. Then the IC50 value was calculated by the point-to-point
method using Excel software (Chang et al. 2007).

Concentrations of 250, 125, 62, 31, 15, and 500 μg / ml were performed for the two cell lines with the extracted mannan and the test results were
evaluated comparatively. Dilution is performed in a ratio of one to two dilutions so that no more cytotoxic effects are observed. Dilution liquid samples
start from a quarter dilution. The IC50 is calculated if the sample is cytotoxic. The rate of cytotoxicity is obtained by reducing the percentage of living
cells from 100%.

Abnormal Toxicity Test in Rodents

In this test, more than 5 healthy male SW1 mice weighing between 17 and 24 g were selected. More than two healthy male guinea pigs weighing
between 250 and 400 g were chosen. The clinical condition of the animals was monitored in terms of health by a veterinarian. At the end of the
adaptation stage (24 to 48 hours), among the isolated mice, �ve healthy same-sex mice were put in a type II cage containing a sterile bed. Furthermore,
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two same-sex guinea pigs were placed in a type IV cage (in the general method in BP pharmacopeia, the test sample was injected only on mice). The
cages of the picked mice and piglets were moved to the test room. The animal was given one to two hours to decrease the caused transportation stress.

Based on the method of antiserums and vaccines, the test sample should be one human dose, provided that it is not more than 1 ml, for each mouse
and one human dose, provided that more than not more than 5 ml, for guinea pigs, was injected intraperitoneally. In the general pharmacopeia method,
the animals were monitored for 24 hours; in the antiserum and vaccine method, the animals were monitored for seven days. During the seven days after
injection, clinical examination was performed at least once a day, and all symptoms or changes in animal behavior were recorded. After seven days of
injections, each animal was weighed. The difference between weight at injection time and �nal weight (after seven days) was calculated.

Immunogenicity test

To assess the immunogenicity, antigens were injected intraperitoneally on 133 mice. The �rst group was injected with 0.5 micrograms of mannan. The
second group was injected with 0.5 micrograms of mannan and BCG vaccine. The third group was injected with the BCG vaccine. The fourth group was
assigned as the control group. Blood sampling was performed in the fourth week after injection. Blood was centrifuged at 3500 rpm. The sera were
separated and stored in the freezer. After blood sampling and serum preparation, the immunogenicity of antibodies including IgG, IgM, and interleukin
12 was evaluated to compare the BCG vaccine and BCG vaccine with mannan and mannan alone.

Findings

Toxicity test results

To evaluate in vivo toxicity, the sample is approved in the general pharmacopeia method if all mice survive after 24 hours. In this study, mice were still
alive after 24 hours.

According to Table 1, no signi�cant decrease in weight and mortality was observed in the study animals.

[Table 1 near hear]

MTT: If there is no signi�cant difference between the control and treatment groups regarding cell growth, it can be concluded that the device has no
cytotoxicity. Nevertheless, if there is a notable reduction in cell life by the MTT method in the treated cells, it can be concluded that the tested device has
cytotoxicity. The results in Figs. 1 to 4, no signi�cant difference was observed between the control group and the treatment group in terms of cell growth.
It can be concluded that the extracted MTT mannan is free of cytotoxicity.

[Figs. 1-4 near hear]

Immunogenicity results

The results in Tables 2 to 5 indicate that the level of antibody and interleukin 12 in the combination of BCG vaccine and mannan show good
immunogenicity.

[Table 2-5 near hear]

Discussion
The present research aimed to determine the cytotoxicity of mannan polysaccharide puri�ed from Mycobacterium bovis to use in vaccine formulations
as an adjuvant. Mannan is an optimal adjuvant �t for extensive vaccination because it is very affordable, non-speci�c, non-toxic, easy to maintain and
transport, and has been indicated in clinical trials to be non-toxic by injection and as prescribed to humans (7–9). Mixing 100 micrograms of mannan
with 1 microgram of inactivated H1N1 in mice yields higher immunogenicity of serum IgG and respiratory tract IgA compared to vaccination with the
virus alone. It was assumed that if mannan contributes to low doses of in�uenza vaccine in humans, in the absence of a vaccine from an epidemic that
includes a human-to-human transmission of in�uenza virus, it could potentially be used for a "low-dose" vaccine.

Stambas et al. (2002) studied oxidized mannan as a new adjuvant. Mannan signi�cantly improved the production of IgA, IgG1, and IgG2a in serum, and
IgA in lung and tear, vaginal and salivary secretions. Accordingly, oxidized mannan is a suitable adjuvant with protective antigens for vaccination
against infections that happen through mucous membranes. In this research, IgG, IgM, and cytokine antibodies were examined. Petrovsky and Aguilar
(2004) examined carbohydrates as adjuvants. In this study, mannan was used according to carbohydrate structures that play a critical part in the
functioning of the immune system and have a great and tolerable score. Carbohydrates are easily degraded and, hence, unlikely to cause long-term
tissue problems compared to alum.

Wattanasiri et al. (2017) studied mannan on the surface of Mycobacterium tuberculosis as a vaccine adjuvant and researched its safety properties.
Unfortunately, access to molecules on the surface of Mycobacterium tuberculosis is restricted owing to their structural complexity due to their different
macromolecular nature and the risk of methyl culture. It should be noted that Mycobacterium tuberculosis is a pathogenic strain and needs special
measures, such as BSL II, BSL II +. However, in this study, the Mycobacterium bovis strain was employed in the BCG vaccine, which has working
conditions and space.
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Benito et al. (2018) demonstrated that conjugated antihistamines with manganese decreased from Saccharomyces cerevisiae developed a new idea of
vaccine therapy. Clinical trials in humans and animals have shown that these compounds improve absorption, enhancing immune responses through
Th1 induction.

Shande et al. (2019) offered a review article on combination vaccines in infectious conditions. In that paper, new approaches to vaccine delivery,
including a mixture of in�uenza vaccine from the mannan and in�uenza antennae, show that the vaccine is composed of a carbohydrate polymer and
contains mannose and in�uenza antigens in the compounds. In�uenza antigen is obtained from avian in�uenza or human in�uenza. In�uenza antigen
is generally derived from the entire inactivated in�uenza virus. Mannose is a carbohydrate polymer and is preferably formed of oxidized mannose.
Mannan is a polysaccharide that increases the formation of some antibodies such as IgG1, IgG2a, and IgA in serum, and IgA in mucosal and lung sites.
Oxidized mannan is a non-toxic and effective adjuvant with antigens for vaccination against infections that happen through the mucous membrane.
Studies on the adjuvant effect of mannan in the vaccine have revealed no notable immunity to mannan when employed in small doses. Thus, the
research was performed using different levels of mannan concentration. Intranasal administration of the mixture showed that inactivated H1N1 mixed
with mannan produced higher serum IgG and respiratory IgA than H1N1 alone. This action is dose-dependent, and IgG1 and IgG2 are induced by
vaccination and promote humoral and cellular immunity. In 2020, Busold et al. Revealed that lipo-like glycolipids derived from Mycobacterium
tuberculosis conjugated to tetanus toxoid could raise levels of interferon-gamma and interleukin-2 in mice. In this investigation, mycobacterium bovine-
derived mannan with BCG vaccine could increase interleukin-12, IgM, and IgG levels compared to the BCG vaccine.

Conclusion
According to studies and considering the economic value, the production of mannan by Mycobacterium bovis is an economically acceptable method.
The obtained mannan is also free of cytotoxicity.
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Tables
Table 1. Results of the mice weight in in vivo toxicity test

Animal
number

Characteristics Daily observations of health status

(Healthy, sick or dead)

Initial
weight
(gr)

Final
weight
(gr)

Weight
difference
(gr)

mouse 0 1 2 3 4 5 6 7

1 1 Healthy Healthy Healthy Healthy Healthy Healthy Healthy Healthy 17.8 18 0.2

2 2 Healthy Healthy Healthy Healthy Healthy Healthy Healthy Healthy 17.5 18 0.5

3 3 Healthy Healthy Healthy Healthy Healthy Healthy Healthy Healthy 17.3 17.8 0.5

4 4 Healthy Healthy Healthy Healthy Healthy Healthy Healthy Healthy 17.4 17.6 0.2

5 5 Healthy Healthy Healthy Healthy Healthy Healthy Healthy Healthy 18.2 18.5 0.3

Guinea pig 0 1 2 3 4 5 6 7 Initial
weight
(gr)

Final
weight
(gr)

Weight
difference
(gr)

1 1 Healthy Healthy Healthy Healthy Healthy Healthy Healthy Healthy 720 721 1

2 2 Healthy Healthy Healthy Healthy Healthy Healthy Healthy Healthy 723 726 3

Table 2. Control group

IL12IgMlgGTest results

500.70.31

0.690.680.542

0.700.690.663

Table 3. Results of IgG assay 

Blank1.201.401.801.1601.3201.640Dilution

Mouse ,s serum 2**1*2**1*2**1*2**1*2**1*2**1*

0.10.822.800.621.980.621.880.621.220.611.140.531.011

0.10.892.870.741.940.731.890.691.290.681.280.541.112

0.10.802.880.781.980.751.850.701.330.691.190.661.163

* BCG vaccine injection+ mannan         ** BCG vaccine injection

Table 4. Results of IgM Results for mouse serum after BCG vaccine injection

Blank1.201.401.801.1601.3201.640Dilution

Mouse ,s serum 2**1*2**1*2**1*2**1*2**1*2**1*

0.11.310.770.890.890.921.621.021.781.222.091.282.881

0.11.400.780.880.880.961.691.071.791.242.141.292.972

0.11.460.800.890.890.901.631.051.751.282.181.302.983
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1* BCG vaccine injection+ mannan        2 ** BCG vaccine injection

Table 5. Results Of Interleukin 12 assay

Blank1.201.401.801.1601.3201.640Dilution

Mouse ,s serum 2**1*2**1*2**1*2**1*2**1*2**1*

0.176.895.872.393.096691.7864.290.26179.15678.51

0.176.9977493.1466.791.96590.663.382.5856.678.82

0.176.9897.17694.866.7292.565.391.663.983.557793

1* BCG vaccine injection+ mannan         2** BCG vaccine injection

Figures

Figure 1

Evaluation of cytotoxicity on normal cell lines after 24 hours
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Figure 2

Evaluation of cytotoxicity on normal cell lines after 48 hours

Figure 3
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Evaluation of cytotoxicity on MDA-MB-231 cell lines after 24 hours

Figure 4

Evaluation of cytotoxicity on MDA-MB-231 cell lines after 48 hour


